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Hypersensitization using H2 gas is the most recent
addition to the techniques available to reduce the effects
of low intensity reciprocity law failure. Because of the
presence of addenda in all commercially available emulsions,
the interactive effects of hydrogen sensitization with a common
stabilizer (4-methyl-6-hydroxy-l , 3 , 3& . 7-tetraazaindene) and
a common form of chemical sensitization (Sulfur Sensitization)
alone and together were investigated. A primitive, single
jet emulsion was coated with and without the above addenda.
Samples were paired and either treated to a hydrogen baking
/ c
process at 65 for 20 minutes, or left untreated.
Sensitometric exposures were made in a room air environment
for 1000, 100, 10, 1, 0.01, and 0.001 seconds.
The results of this research indicated that: for
exposure times where low intensity reciprocity law failure
is minimal, the speed increase with H2 sensitization is only
slight; sulfur and H2 sensitization can be partially
additive; and, H2 sensitization tends to promote HIRF.
Sulfur sensitization was not found to limit the reduction
in LIRF by H2 sensitization, and tetraazaindene stabilization




In astronomical photography, the exposures required to
record extremely faint objects to a given photographic density
can be many hours in length. By reducing the exposure time,
an observatory can increase the number of exposures taken in
a night, thus allowing either multiple exposures of the same
object (for statistical analysis) or photography of more
objects. A decrease in the exposure time also improves
resolution by reducing the effects of tracking errors, atmospheric
disturbances, and telescope frame flexture. For these reasons,
any improvements in the photographic process which can reduce
exposure time are of great advantage to the astronomer.
The limiting factor for existing emulsions is the failure
of the reciprocity law during long exposures of faint objects.
The law is obeyed for exposures typically occurring between
one second and one-onethousandth of a second. The result is
a constant photo density for equal exposures where exposure (H)
is directly proportional to the time (t) and the illuminance (i)
of the exposure (eg. H = Ixt) . However, as the exposure time
becomes shorter or longer, the photographic effect is reduced
and the exposure must be increased to produce the same photo
density. The net effect is equivalent to a loss in speed.
To better understand the failure of the reciprocity law
for long exposures to faint objects, the basic theories of the
photographic process and the failure of the reciprocity law
are presented in the following paragraphs.
Each silver halide crystal contained within a photographic
emulsion exists as a lattice of silver and halide atoms.
Contained within this lattice are a number of mobile interstitial
silver ions, crystal defects, impurities and sensitization sites.
The absorption of a photon of sufficient energy results in the
excitation of an electron (Br + h9-*"Br + e) into the conduction
band, leaving behind a vacancy (termed a hole) in the valence
band. The excited electron is mobile within the crystal lattice,
and can eventually become trapped by a crystal defect or at
a site of chemical sensitization. An interstitial silver ion
may then be attracted to one of these sites and be neutralized
by the electron to form a silver atom. This single silver atom
is thermally unstable at room temperatures, and may soon break
down unless stability is increased by the formation of a second
and third silver atom by the same process. As the silver
nucleus continues to grow in size it becomes more thermally
stable, and more attractive as an electron trap. Once the site
has a minimum of four silver atoms it is reasonably stable,
and is developable.
If the electron recombines with a hole before the
reduction of an interstitial silver ion, the effects of the
releasing photon are lost. Other reactions that hamper
the
the formation of a developable nucleus are interactions of the
electron with impurity ions in the grain, or with oxygen
and moisture in the surrounding gelatin. The hole may also
hamper the formation of a developable grain by oxidizing silver
atoms in sublatent or latent images. Any actions which the
astronomer can take to reduce the loss of photo-electrons to
nonuseful reactions and to stabilize sublatent images will
therefore increase the sensitivity of his photographic plates
to light from faint objects. Methods which are commonly used
include manipulation of the exposure environment (with the
plate at reduced temperature or under extreme vacuum) , and
exposure after a hypersensitization treatment (such as a
uniform exposure to very low intensity light, bathing, baking,
and contact with vapours) . Depending on the technique and the
emulsion, the resulting sensitivity increase can be marginal
to greater than 25 fold.
Exposure Environment Manipulation: The use of low temperature
during exposure is believed to increase effective plate speed by
increasing the thermal stability of the reduced silver atoms,
and by decreasing the probability of hole-electron recombination
by reducing the mobility of photo-holes and silver ions.
Although the cooling does reduce the intrinsic sensitivity of
4*
the film by reduced absorption of light, there is a substantial
net gain in the speed of the chilled film for exposures
lasting more than several minutes. The problems associated
with low temperature photography include the use of
cumbersome ancillary equipment for cooling the emulsion
and a bulky camera to allow the evacuation of the atmosphere
or the introduction of a moisture-free gas. This controled
environment is required to keep the emulsion surface frost-free
during the exposure.
-6 -T
Pre-exposure treatment by vacuum treatment (10 to 10 torr)
removes most moisture and free oxygen from the emulsion, thus
reducing the loss of photo-electrons to non-silver-forming
reactions. Exposures are made in either a vacuum, or a dry
nitrogen atmosphere. Emulsions containing sensitizing, or
desensitizing dyes often are affected more than undyed
S
emulsions by the removal of oxygen and moisture. Since
the diffusion of oxygen through dry gelatin is very slow,
pre-vacuum treatment in a high humidity, oxygen-free atmosphere
can be used to assist in the diffusion process. Treatment by
extreme vacuum is then used to remove the moisture from the
emulsion .
Hypersensitization Techniques: A uniform, pre -exposure flash
of light can be used to produce an even distribution of sub-
developable silver aggregates in silver halide crystals over
the entire plate. During exposure at the telescope, these
silver aggregates increase the plate sensitivity by removing
photo-holes, and by providing beneficial traps for image
produced photo-electrons. If the flash is made concurrent to
the imaging exposure, the flash produced photo-electrons can
also be used to bring faint image produced silver aggregates
to a developable level. The intensity and duration of the
flash exposure are controlled in both these cases to produce
the uniform distribution of non-developable silver atoms or
aggregates. Although there will be some detectable fog from
a flash exposure, it is kept to a minimum for optimum results.
Bathing the emulsion in distilled water helps by the
removal of soluable bromide contained within the emulsion,
thereby increasing the silver ion concentration (lower pAg)
6
which results in increased plate sensitivity. Since the
emulsion must be coated and stored with a bromide level
sufficient to maintain an adequate shelf life, bathing
provides a method of sensitization just prior to exposure.
If the hypersensitizing bath contains an alkali such as
ammonia, the dried emulsion will have a higher concentration
of silver ions and a lower pAg than if
water alone had been used - resulting in an even greater
sensitivity. The major problem incurred in bathing of
photographic plates is that bathing and drying may leave optical
defects in the emulsion.
Dry nitrogen baking of photographic plates prior to
exposure increases sensitivity by the removal of moisture and
oxygen, thus reducing the probability of photo-electron loss
to non-image producing reactions. In addition to moisture
and oxygen removal, baking extends the chemical sensitization
already present in the emulsion.
A fourth method of hypersensitization available to
astronomers is preexposure treatment of the photographic
plate with a vapour (eg. mercury or sulfur dioxide). The
most recent variation of this method is the treatment of
the plate to hydrogen gas, or to a mixture of hydrogen and
nitrogen gas. Results from this treatment have shown a tremendous
8
drop in low-intensity reciprocity failure without the problems
associated with other methods of hypersensitization.
Babcock et al. have reported a 25-fold speed increase for
a one hour exposure of Kodak Spectroscopic Plates , Type Illa-J ,
after a 1.5 hour treatment in hydrogen gas at room temperature.
Treatment times for optimum hydrogen sensitization depend
on the emulsion type, and can easily be more than 100 hours.
The procedures for hydrogen sensitization involve the
evacuation of an airtight reaction vesselcontaining the plates,
followed by the introduction of hydrogen gas to approximately
one atmosphere of pressure. (The University of Florida
Observatory has found that the use of 2% forming gas (2%HZ,98%NZ)
is not only an acceptable substitute for pure hydrogen, but
10
for some emulsions, it is superior to hydrogen gas. They
favour its use because of its improved handling characteristics
compared to pure hydrogen gas.) A slight flow of the
sensitizing gas can be maintained during the treatment. Since
the rate of sensitization is increased with increased temperature ,
It,t2
baking can be used to reduce the sensitizing time. Outgassing
of the emulsion, or gental nitrogen baking, prior to room
temperature treatments to hydrogen gas is required for the
13
removal of moisture which inhibits the H. sensitization.
G.A.Janusonis, of the Kodak Research Laboratories, emphasizes
the reduced requirement for an extensive vacuum pre-treatment
when hydrogen sensitization is carried out at elevated temperatures
Babcock et al. have reported a room temperature treatment time
of 168 hrs for an experimental 0.2-jn cubic grain AgBr emulsion
is
with a pAg of 8.2. Results of this research indicate that a
/ c
temperature elevated to approximately 65 would reduce the
treatment time to a few tens of minutes. After treatment, the
rt
plate can be exposed at the telescope without further
special apparatus; however, if the exposure is made in a
humid environment, evacuation, or the introduction of a dry
gas may be required to prevent moisture desensitization over
the course of the exposure. The following sensitometric
curves with table of estimated speed gains illustrates the
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Treatment Relative Speed Speed Increase
a. Untreated 0 lx
b. Vacuum 1.0 lOx
c. N2 baked (l3h @ 65 1.2 l6x
d. H2 (lih @ 20
c<
1.4 25x
e. H2 ( 3h @ 20
c-
1.5 30x
** Relative speed: change in log H at speed point
compared to untreated sample
The mechanism by which the sensitization takes place
is not completely understood, however, treatment with hydrogen
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gas seems to be a very effective form of reduction sensitization.
It is therefore believed that silver ions are reduced by electrons
injected into the silver halide allowing sub-developable silver
atom aggregates to form at specific active sites. These
sub-developable silver aggregates might be expected to assist
in latent image formation by acting as nuclei for further
aggregation of silver atoms by electron trapping and neutral
ization, however, this is not the probable mechanism. Spencer,
i?
Brady, and Hamilton have shown that the distribution in number
and location of latent image centres in reduction sensitized
emulsions were quite different from those of the sensitivity
centres. No studies of this nature for sensitization with
hydrogen gas have been reported as of yet.
If hydrogen produced reduction sensitivity centres
act in the same way as reduction centres formed by other
reactions, the probable mechanism of sensitization is that they
function as hole traps, thus allowing the photo-electrons to
be detained and neutralized at a site other than where the
developable aggregate will be formed. In this case, latent
image formation is facilitated not by providing deeper traps,
but by inhibiting the oxidation of silver atoms caused by the
10
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attack of positive holes. Tani has produced evidence that
reduction sensitization centres function as hole traps in
some emulsions when the sensitivity centres are neutral (Ag2 ) ,
and as electron traps in others when the centre is positively
charged by the association of a silver ion and atom (Ag ) .
Displacement of densitizing oxygen and moisture from the
emulsion may be a contributing factor in sensitization by
hydrogen, however, the increased sensitivity over vacuum and
nitrogen baking methods of sensitization indicate that removal
of moisture and oxygen is not a major factor in the hydrogen
sensitization process.
Babcock et al. in their paper entitiled '"A Novel Form
of Chemical Sensitization Using Hydrogen
Gas'
(PS&E,l9:No.l,
Jan/Feb 1975) for the Society of Photographic Scientists and
Engineers, proposed and discussed four possible mechanisms
that could result in chemical sensitization by hydrogen gas.
1. Reduction of silver ions by hydrogen to form silver,
yielding a very effective type of reduction sensitization.
2. Adsorption of hydrogen at the silver halide surface,
possibly at preferrential sites providing a very
efficient hole trap.
3. Reaction of hydrogen with some reducible species in the
gelatin which in turn reacts with the silver halide
11
4. Displacement of residual oxygen.
Mechanisms 3 an-- 4 were discounted in the report because of
experimental evidence that proved that they were not the
mechanism of sensitization. Mechanism 2 was discussed as a
possibility, however, the experimental results of Babcock
neither proved or disproved it as the mechanism involved.
Mechanism 1 was the one most favoured by their experimental
evidence which is summarized as follows:
a. prolonged Hs treatment resulted in increased fog
upon development;
b. for short H2 treatment times followed by gold
latensification, fog was observed upon development;
c . H2 treatment had the least effect on emulsions that
were reduction sensitzed;
d. the rate of H3 senstization was directly proportional
to the hydrogen concentration, and increased with
decreasing pAg;
e. the photographic results could be explained by
a hole trapping mechanism similiar to that in
reduction sensitization;
f . decreased sensitivity for prolonged treatment times
could be explained by the formation of a number of
positively charged sites (Ags) which lead to competition
for the photo electrons.
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From the evidence presented in
Babcock1
s paper,
hydrogen sensitization most probably involves a very
efficient form of reduction sensitization. However, since
treatment with hydrogen gas is a relatively new technique,
there are still many areas requiring investigation. Further
research in this area will provide a better understanding of
the hydrogen sensitization process, and of other processes
which may not be completely understood at this time.
Since treatment with H gas is used with commercially
available emulsions, knowledge of its interaction with emulsion
components will assist in providing treatment optimization.
The aim of this research was to determine if sulfur sensitization,
and stablization with 4-hydroxy-6-methyl-l,33a,7-tetraazaindene
adversely affects sensitization by H2 baking.
Sulfur sensitization is generally believed to involve
the formation of silver sulfide at the surface of a silver
halide crystal. The formation takes place during the digestion
of liquid photographic emulsion in the presence of a micromolar
concentration of an unstable sulfur compound (generally, a
thiosulfate salt) . Under these conditions , the thiosulfate




Fatuzzo and Coppo have shown that a reversal of space
charge in the silver halide crystal takes place at the site
of the silver sulfide deposit. The result is an attraction
of photo-electrons to the surface at the silver sulfide site
because of a net positive charge in this region. A developable
latent image cam then form at the crystal surface in
21 2i
conjunction with the silver sulfide site. Stevens, Hautot,
2.3
and Eggert and Von Wartburg have all reported results which
are most easily explained in terms of a preferential increase
in electron trapping at the surface where the silver sulfide
is found.
In addition to providing deep electron traps, the presence
of two silver atoms in the silver sulfide molecule provides
a stable sub-developable site for photo-produced silver to
build from, thus eliminating the very unstable single silver
atom stage. If sensitization is excessive, more than one silver
sulfide site per grain can be formed. In high intensity
exposures the competition for photo-electrons results in more
sub-developable silver aggregates and in fewer developable
aggregates. This will be observed as an increase in high
intensity reciprocity law failure.
The mechanism of silver sulfide acting as a deep
electron trap is adaptable to the Gurney-Mott theory of
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latent image formation, although there is also experimental
evidence that silver sulfide can also act as a hole trap, and
as a halogen acceptor, (eg. In solarization, the reduction
in developed density for high intensity exposures is attributed
to the attack of the latent image by bromine accumulating
at the Ag Br crystal surface. This reduction of developed
density is inhibited by sulfur sensitization.) The function
of the sensitization site depends on the exposure conditions,
and on the emulsion type. In high intensity exposures, hole
trapping and bromide removal are considered important in the
sensitization process. For low intensity exposures, electron
trapping is considered to predominate.
In summary, silver sulfide sensitization is capable of
acting in atleast three ways: (l) by providing deeper electron
traps; (2) by increasing sub-latent image stability during its
buildup; and, (3) by consuming other photo-products (holes and
bromine) to minimize both the loss of photo-electons and the
breakdown of silver specks.
Stabilization with 4-hydroxy-6-methyl-l,3i3a,7-tetraazaindene:
Tetraazaindene has been used as a stablizer in experimental
and commercial emulsions since 1934 when Birr discovered that
it effectively suppressed fog with no loss in emulsion speed
and no slowing of development. In research that followed, Birr
15
observed that residual, undecomposed sensitizer anions
(eg. thiosulfate ions) were taking part in a rapid reaction
with the silver salt of tetraazaindene . The exact mechanism
by which tetraazaindene is able to halt sulfur sensitization
has not yet been agreed upon, however, one possible mechanism,
as proposed by Birr, is that tetraazaindene halts sensitization
by forcing the formation of silver sulfide (Ag2S) particles in
the gelatin matrix away from the silver halide grain. These
nuclei are not in direct contact with the silver halide lattice
and are therefore inactive as sensitizers.
In 1906 , Wood was able to show that some tetraazaindene
is adsorbed to silver sulfide specks on the silver halide
grain surface, however, there is no experimental evidence to
show that this adsorption plays an active role in the
stabilization process.
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EXPERIMENTAL MATERIALS AND PROCEDURES
The emulsions used in this paper were precipitated
and coated by the author using the emulsion making facilities
of the Rochester Institute of Technology. (See Appendix I
for details . ) Three emulsions with no spectral sensitization
were precipitated: the first for familiarization of the
precipitation and coating equipment, and the second for the
confirmation of the optimum sulfur sensitization time found
with the first emulsion and for the determination of an optimum
H2 baking temperature and time. The third emulsion was used
in the actual experiment.
Four types of emulsion coatings were made from this
third emulsion batch:
a. coating with no additives to the primitive emulsion;
b. coatings with 60 min. sulfur sensitization only;
c. coatings with tetraazaindene treatment only
(at 1 gram of 4-hydroxy-6-methyl-l,3,3a,7-tetraazaindene
per mol of silver bromide) ;
d. coatings with both sulfur sensitization and
tetraazaindene stabilization.
Emulsion properties were as follows:
a. pH of 6.7;
b. pAg of 8.3;
c. estimated silver content of 52 mg/sq dm;
d. estimated gelatin content of 96 mg/sq dm.
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Each coating was cut into three 4"x
5"
sheets which were
further subdivided into eight 5"x
\n
strips for paired comparison
testing. Strips from each sheet were exposed at four of five
given times (0.2 sec and three of 1, 10, 100, and 1000 sec).
Three sets of adjoining pairs were exposed at three different
times - one of each pair without, and one with H2 treatment.
Two 0 . 2 sec control strips were taken from each sheet - one
from an edge, and the other from the centre. A short test was
-2 -3
also made using 10 and 10 sec exposures of paired strips
from the emulsion coating with both sulfur sensitization and
tetraazaindene to test for H2 sensitization effects with high
intensity exposures. Hydrogen treated samples were baked at
c
65 for 20 minutes at atmospheric pressure.
Photographic speed was taken as l/H, where H was the
exposure in lux-sec at the point on the total density versus
log exposure curve where density was 0.30 greater than the
base-plus-fog density. Low intensity exposures were made
using a Kodak Model 101 Process Control Sensitometer
modified to provide time exposures . The intensity was
controlled by ND filtration and by increasing the film to
source distance. High intensity exposures were made using
an E.G.&G. sensitometer (Mark IV) with partial colour
correction by use of a Kodak Wratten Gelatin Filter #85
series (amber) . All strips were processed in DK-50 at
*c
20 for 4 minutes,using nitrogen burst development.
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EXPERIMENTAL RESULTS
Sensitometric results in the form of mean speed values
(l/H at a density of 0.30 above base-plus-fog) are listed as
a function of exposure time with and without H2 treatment in
Table 1. Both the non-H2 and H2 treated emulsions gave mean
speeds which appear greatest for the "Sulfur Sensitized
Only"
emulsions, decreasing in speed for the "Both", "No Additives",
and "Tetraazaindene Stabilization
Only"
emulsions in that order.
A decrease in speed for the
"Tetra' Only"
emulsion below
that of the "No
Additives"
emulsion was not expected as
tetraazaindene can act as a mild sensitizer, and is not known
as a desensitizer. Figure 2. illustrates the shifting of the
sensitometric curves for each of the tested emulsions - shifting
towards lower log H values when hydrogen sensitization is used.
Emulsions without any sulfur sensitization also gained in contrast
with the application of H2 sensitization. The fog increase
with H2 treatment was least in the samples with tetraazaindene
stabilization. LIRF is evident for each of the coating
where no H2 baking was employed, while LIRF was substantually
reduced or eliminated when the sample was H2 baked (Figure 3 . )
Mean speed increases , given in Table 2 . , were greatest for the
"Tetraazaindene
Only"
emulsion, and least for the "Sulfur
Only"
emulsion .
The results from the high intensity exposure tests indicate
a decrease in speed with H2 baking. During processing,
19
it was noted that the non-H2 baked samples had a shorter
induction period. There was no noticable difference in the
induction periods for the low intensity exposures.
Table 1. Mean Speed Values
Treatment Exposure Time No H2
(sec) Baking Baking
Neither Sulfur 1 0.52 0.69
nor 10 .22 .77
Tetraazaindene 100 .11 1.09
Treatment 1000 .06 .80
(No Additives)
Sulfur 1 2.02 2.77
Sensitization 10 1.25 1.58
Only 100 99 3.02
(Sulfur Only) 1000 =52 1.84
Tetraazaindene 1 .24 .80
Stabilization 10 .09 .65
Only 100 .04 .82
(Tetraazaindene 1000 .01 57
Only)
Both Sulfur 1 .76 1.42
and 10 .38
.95








Figure 2. Mean Characteristic Curves for 1000
sec Results
with 90% confidence limits indicated



































Figure 3. Reciprocity Behavior for Tested Emulsions:
with, and without H2 sensitization;
at Db+f+Q









































































100 sec 10 sec
sec
23
Table 2. Speed Increase Minimum (90% confidence):
increase measured from paired samples,




























































Table 3. Speed Increase Minimum (90% confidence) for
high intensity exposures of paired samples
with both the sulfur and tetraazaindene
treatments - one of the pair with, and








0.95 (1.05 x"s decrease)
0.91 (1.10 x's decrease)
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Table 4. Mean Base-Plus-Fog Values
Treatment Exposure Time No H2
(sec) Baking Baking
Neither Sulfur 1 0.05 0.37
nor 10 .05 .36
Tetraazaindene 100 .07 -37
Treatment 1000 .08 .44
Sulfur 1 .06 .46
Sensitization 10 .06 .53
Only 100 .06 .48
1000 .07 57
Tetraazaindene 1 .04 .12
Stabilization 10 .04 .12
Only 100 .05 13
1000 .05 .10
Both Sulfur 1 .04 .09
and 10
.05 .09
Tetraazaindene 100 05 .09
Treatments 1000
.05 .11
Table 5- Paired Sample Fog Levels, Without and With
Heat Treatment (Air at 65 for 60 min)
Treatment No Baking Air Baked
No Additives 0.05 0.05
Sulfur Only .09 .11
Tetraazaindene .06 .06
Only




FROM PAIRED COMPARISON DATA
A statistical analysis of the paired comparison data
indicated that:
a. i. the paired comparison mean speed increases were
all significantly greater than zero
(90% confidence)
ii. with the exception of the "Sulfur
Only"
emulsion,
hydrogen sensitization of each of the emulsions
gave speed increases which became significantly
greater with increases in exposure time.
(90% confidence)
With H2 sensitization of the "Sulfur
Only"
emulsion,
the longer exposures gave only slight increases in
speed as exposure time increased. No significant
difference was found in the speed increase between
the one and ten second exposure means.
b. with the exception of the one second exposure mean,
the speed increases with H2 sensitization for a
given exposure time of the "No
Additives"
emulsion





c. the speed increases with H sensitization for a
given exposure time of the "Tetraazaindene Only"





d. i. the mean speed decreased when H2 sensitization







ii. the speed decrease for the 10
3
second exposure








On first examination of the mean speed values given
in APPENDIX M2, the variability of the experimental results
appears high enough to prevent the drawing of any meaningful
conclusions. However, this variability is essentially the
result of using different coatings and emulsion types, and
the possibility of this problem was anticipated in the
design of the experiment. Two steps were taken to allow
the collection of useful data: First, the experiment was
designed to use a paired comparison approach in the gathering
of the data. To do this, each coating was cut into three
4"x5"
sheets which were further divided into eight
--"x5"
strips just prior to use. Six of the strips were kept as
adjacent pairs; each pair was exposed at the same time for
one of 1, 10, 100, or 1000 seconds, and was then processed.
The only difference between the strips in each pair was that
one had been treated to the H2 baking process, and the other
had not. By using this testing approach, the experimental
variables of exposure, processing and emulsion irregularities
were reduced or eliminated. The second design step involved





sheet. These two strips (one from the centre, and
the other from a side) were given a 0.2 second exposure, and
then processed without a H2 pre-exposure treatment. They
29
were to be used as a control to adjust the speed values for
different sheets of the same additive if the coating
variability prevented a meaningful evaluation of the speed
results. This adjustment of the data was not required, as
the analysis of the emulsion speed results and the paired
testing approach allowed a positive confirmation of all the
experimental findings.
The characteristic curves in Figure 2. (1000 sec exposure)
illustrate the effect H2 sensitization had on each of the
four emulsion types tested. H2 baking of the emulsions with
sulfur sensitization produced a shift towards the lower
exposure values with little increase in contrast. Fog
increased in the absence of a stabilizer treatment. H2 baking
of the emulsions without sulfur sensitization displayed a
definite increase in contrast, as well as a shift towards the
lower exposure values. Although the effects of H2 sensitization
were more pronounced in the emulsions without sulfur
sensitization, the final speed was lower because these
emulsions started with a lower sensitivity.
The difference in the effects produced by H2 baking on
emulsions with, and without, sulfur sensitization can be
explained by a partial additive effect beween the two types
of sensitization. When either the sulfur, or the Hs
30
sensitizations are applied to the primitive emulsion, the
speed and contrast are appreciably increased; and when the
sensitization processes are combined, the resulting increase
is less than the sum of the individual increases. It is
thought that the amount of further increase in speed
occurring when the H2 sensitization process is added is
dependent on the level of sensitization from each of the
individual processes, (ie. If emulsions with varying
amounts of sulfur sensitization are H2 baked, the increase
resulting from the H sensitization would be dependent on
the amount of sulfur sensitization present. Further testing
may be warrantable to determine if there is a level of
sulfur sensitization for which H2 baking will have no
effect.)
Fog density levels in the two samples without
tetraazaindene treatment, increased by approximately 0.40
when the emulsion was baked in the H2 gas. If only the
sulfur sensitized emulsion had shown this increase, the
higher fog levels could have been attributed to a continuation
of the sulfur sensitization at the elevated baking temperatures,
Because the emulsion with "No
Additives"
also displayed a
fog increase with H2 baking, the increase for these two
emulsion types is attributed to the H2 sensitization. Results
of a test for heat effects alone (Table 5) confirmed that
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the elevated baking temperature was not the cause of the
increased fog levels in the H2 baked emulsions. Further
examination of the mean fog values for the two remaining
emulsion types ("Tetraazaindene Only" and "Both") after H2
baking, indicated that the tetraazaindene reduced the
increase in fog level while not preventing the H baking
from sensitizing the emulsion.
A review of the paired comparison speed increases
indicated that H sensitization gave an increase in speed
at each of the tested exposure times for each of the emulsion
types. Statistical analysis of this data not only confirmed
that these speed increases were present, but also that
they became progressively greater as exposure time increased.
When the reciprocity data was plotted in the Kron diagrams of
Figure 3 it became readily apparent that these speed
increases were the result of a reduction of LIRF in each of
the emulsions. It should be noted that while the
"Tetraazaindene
Only"
emulsion gave the greatest mean speed
increases when H2 sensitized (34x for 1000 sec exposure) ,
it also had the greatest RLF prior to H2 sensitization.
Similarily, the "Sulfur
Only"
emulsion gave the least mean
speed increase (2.7x for 1000 sec exposure), but had the
lowest RLF prior to H2 sensitization. Following
H sensitization, all four emulsions had comparable mean
speeds at each of the four exposure times.
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second exposures of the emulsion with both
the sulfur and tetraazaindene treatments together showed
a reduction in speed with H baking. It was also shown
that the
IO-3
second exposures had a greater reduction
than the
10~2
second exposures. This speed decrease is
explained as a high intensity exposure effect where the
H baking added subdevelopable silver sites to the already
present silver sulfide sites. During the short duration
exposure, this increased number of potential development
sites competed for the
"flood"
of photo electrons. The
result was an increase in the number of small sub-
developable, or just developable, silver sites and
few of the larger, easily developable sites. The observation
that induction time during development was greater for the
H2 baked samples supports the theory of smaller silver sites.
The theory that H2 sensitization can provide developable




Based on the results of the data analysis, this
research on the effects of H2 sensitization of a primitive
emulsion has shown that:
i. H2 sensitization by baking can be effective
in reducing LIRF;
ii. H2 sensitization by baking can promote HIRF;
iii. sulfur and H2 sensitization can be partially
additive ;
iv. speed increases from H2 sensitization were
greater in the presensce of tetraazaindene,
both with, and without, sulfur sensitization.
This research has been unable to demonstrate:
i. any limiting effects by tetraazaindene on
sensitivity increase by H2 baking;
ii. any limiting effects by sulfur sensitization
in the lowering of LIRF by H2 sensitization.
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The experimental emulsion was made according to the
R.I.T. Laboratory Precis on Emulsion Making. An outline
of the formulae and procedures follows:
Solution A:
phthaloyl gelatin 4.00 gm
3.3% KI solution 10.0 ml
KBr 12.40 gm
Distilled water to make 180.0 ml
Solution B:
AgN03 17.00 gm
Distilled water to make 450.0 ml
Solution C :
Inert gelatin, dry 24.00 gm
KBr solution, 5 x 10~*H 400.0 ml
NaOH 0.100N 33.0 ml
Solution A was allowed to sit for 10 minutes at
room temperature in a stainless steel beaker before being
/ c
brought to 65 in a thermostat controlled waterbath.
A separatory funnel was filled with Solution B and
set to run a stream of the solution near the center of
the beaker containing Solution A. Precipitation was
carried out under a #1A Safelight. At the end of the
precipitation, 50 gm solid KBr were added to increase
the solubility of the silver halide for physical ripening.
On the completion of 20 minutes further stirring, the
41
c
emulsion beaker was cooled to 45 in a water bath, and
50 ml 0.10N H?SO^ were added with hand stirring to coagulate
the gelatin.
Solution C was left to swell for 15 minutes and then
o c
dissolved with stirring at S5
The precipitate of Solutions A and B was rinsed and
drained
,
and then added to Solution C .
Sulfur sensitization and Tetraazaindene stablization
were completed at this stage, as required. Coatings were
0 c
made at 40 using approximately 50 ml emulsion and 1 ml
of 7% Saponin.
Approximately one half litre of emulsion resulted, with
a pH of 6.70 0.05, and a pAg of 8.31 0.02. The precipitation
was by a single jet, with a run time of 23 min. 20 sec.
Chemistry lot numbers and apparatus serial numbers are contained
in the laboratory note books.
A summary of the coatings made is as follows:
i. two coatings with no additives;
ii. two coatings with tetraazaindene only;
iii. one coating with sulfur sensitization only;
iv. six coatings with both sulfur and tetraazaindene.













both sulfur and tetraazaindene.
*
poor coatings from the last of the






The solution used for sulfur sensitization was derived
by mixing 0.4000 gm NagSpOo^HgO in one litre of distilled
water. 125 ml of this solution was further diluted in
one litre of distilled waster. 10 ml of the this second
solution were used to sensitize approximately 350 ml of
emulsion .
Trial sulfur sensitization runs on the first two emulsion
batches provided coating samples at 0 min, 30 min, 60 min, and
90 min. after commencement of the sulfur sensitization. These
coatings were dried, cut and sensitometrically evaluated for
an optimum sensitization time based on film speed and fog level
A 0.2 second exposure time was used in the sensitometry. Speed
was defined as in Fed. Std. No. 170a (APPENDIX C) .














The gain in speed between 30 and 60 min of sensitization
was substantial with little increase in fog level, while the
speed gain between 60 and 90 min of sensitization was mimimal
compared to the increase in fog. A sulfur sensitization time
of 60 minutes was therefore selected for the emulsion coatings





The Federal Standard Relative Sensitivity Method A
(Fed. Std. No. 170a, 31 May 67) was used for the
determination of speed.
"Method A relative sensitivity (negative) shall be defined
as l/H, where H is the exposure (in lux-sec) at the point
on the total density versus log exposure curve where density
is 0.30 greater than the base-plus-fog
density."
This method of speed determination, as opposed to using
D ^, . /-_ as is commonly used in astronomical photography,





Using a Beckman Research pH Meter in the pH mode:
i. Since the buffer had a pH precision of i 0.02.
and the meter had a pH measurement precision
of - 0.001, the measurement precision established
in the standardization process is t 0.021. The
precision in taking the sample reading is t 0.001.
Therefore, any pH determined will be the pH
reading t 0.022 if the buffer and sample are at
the same temperature. Emulsion pH was read as 6.360.
ii. The temperature correction for pH measurement is
found using the nomograph on pg 56 (fig 3) of the
Instrument Operation Manual for the School of





T]_: standardizing buffer solution at 25 - 0.5










Thus, the pH temperature correction is + 0.338 0.025.







Measurement of the emulsion pAg was made using a Beckman
Research pH Meter in its potentiometric mode, and a saturated
calomel reference electrode. The emulsion emf was matched to
that of a KBr solution of known normality. Both the emulsion
and the KBr solution were in the same water bath at 40 . The
value for the emulsion pAg was calculated using the formula:
pAg
=
-log K. R -pBr
(Mees and James, pg 7)
Agur
i. pBr: 0.1190 gm KBr was balanced on a Mettler Balance
of t 0.0002 gm precision, and dissolved in
2000 1 0.5 ml of distilled water to give a
5 x 10 N KBr solution.
Normality
= mass/litre mol wt KBr = 118.994
mol wt
= [Br~]
= 5.0087 x for 0.1192 gm and 1.9995 1
= 5-0003 x 10 for no measuring errors
= 4.9918 x for 0.1188 gm and 2.0005 1
Since pBr =? -log (Br ] ,
pBr = 3.3003 for 0.1192 gm and 1.9995 1
= 3-3010 for no measuring errors
= 3.3017 for 0.1188 gm and 2.0005 1
This corresponds to a pBr precision of t 0.001.





(Mees and James, pg 6). However, as
K. _ is dependent on temperature, the
thermometer precision of i 0.5 must be
taken into account. From interpotation













This corresponds to a log K precision of t 0.023.





0.023) - 3.301 (1 0.001)





1. Dimensions and Rates:
i. motor revolution rate - 50.00 t 0.05 rev in
39.81 + 0.05 sec
ii. platten travel rate - 47.00 * 0.05 cm in
39.08 t 0.05 sec
iii. plunger diameter - 2.80 0.05 cm
iv. plunger thread pitch - 10 threads in
1.3050 0.0005 cm
v. motor shaft pulley diameter
- 0.9750 0.0005 cm
vi. plunger shaft pulley diameter
- 2.7000 t 0.0005 cm
vii. coating head width
- 12.70 t o.05 cm
2. Estimated Coating Thickness:
i. for every plunger pulley rev, the motor pulley
turns 2.700 0.0005 rev = 2.700 * 0.0185 %
0.975 0.0005 0.975 0.0513 %
= 2.769 t 0.0698 % rev
Therefore, for every 10 plunger revs, the motor pully
turns 27.69 + 0.07 % revolutions.
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ii. Platten travel per motor revolution:
47.00 * 0.05 cm
platten travel
=
39.08 t 0.05 sec
motor revolution 50.00 + 0.05 rev
39.81 0.05 sec
47.00 0.11 %
39.08 t 0.13 % I .
-=ZL cm/motor rev
50.00 0.10 %
39-81 + 0.13 %
0.958 t 0.000 cm/motor rev
Using 10 plunger pulley revs (27.69 0.07 % motor revs)
the platten travels:
(0.9576 0.01 % cm/rev) x (27.69 0.07 % rev)
= 26.515
+ 0.08 % cm
= 26.52 0.02 cm
iii. Plunger volume covered in 10 plunger pulley revs:
cross sectional area =
rrr2
=
tt (1.40 + 0.025
cm)2
=
tt (1.40 + 1.79 %
cm)2
= 6.1575 3.57 %
cm2
plunger travel = I.305 0.0005 cm
=








iv. Area covered in 10 plunger pulley revs:
coating area
= length of platten travel x head width
= (26.52 + 0.08 % cm) x (12.70 0.40 % cm)
= 336.804 0.47 %
cm2




= (8.036 3.61 %) cm
(336.804 0.47 %)
= 0.0239 t 4.1 % cm
= 0.024 + 0.001 cm
=0.24
+ 0.01 mm
Therefore the estimated coating thickness is
0.24 mm 0.01 mm.
3. Estimation of silver and gelatin content:
-
Mol wt Ag
= 108 5 Mol wt AgN0 = 170
Therefore, of the 17 gm AgN0 precipitated, 108
x 17 = in 8
170
10.8 gm were silver
- 28 gm gelatin were used
- the coating thickness was calculated to be 0.024 cm
- the total volume of emulsion was approximately 0.5 litre
Therefore the silver distribution was: 10.8 gm





= 52 mg Ag
/dm2








KODAK ELON Developing Agent 2.5 gm
KODAK Sodium Sulfite (Anhydrous) 30. 0 gm
KODAK Hydroquinone 2.5 gm
KODALK Balanced Alkali 10.0 gm
KODAK Potassium Bromide
(Anhydrous) 0.5 gm
Water to make 1.0 litre
PROCESSING TECHNIQUE
Exposed sensistrips were processed using nitrogen
burst development (burst duration of 0.8 sec, and burst
interval of 10.0 sec.) as follows:
DK-50 4 min
Stop bath 30 sec
Fixer 6 mm




Figures 4. and 5- illustrate the developing tank apparatus
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Figure 4. Nitrogen Burst Development Tank





FILM SPEED MEASUREMENT PRECISION
1 . A tolerance of * 5 % was alloted to exposure values to
account for the precision of the following:
i. sensitometer current setting;
ii. illuminance meter reading;
iii. exposure time setting.
2. Background for calculations: (Densitometer precision
=
0.005)
D 0.005 - film density of lst step of density
a
lower than Dt. (measured density)
D-| 0.005 - density for base plus fog plus 0.30
D ! 0.005 _ film density of lst step of density
greater than D--, (measured density)
D.t 0.005 - stepwedge density corresponding to D
A a






- exposure at film plane before step
wedge density is accounted for
H - exposure at film plane after step
wedge density for Dt+f (ie. D)
is accounted for.
55
3 . Calculations :





ii. Value for DB:
DB
= (DA+0.005) + (X)((DC-DA) t 0.01)
iii. Value for log H
= (log H') - DB
iv. Value for H = Antilog ((log H') - DB)
v. Value for speed = l/H
4. Sample calculation for H2 baking of sheet #1 of
no additives sample, 1 sec exposure:
1< x =
(.79 - .70) 0-01 = .09 1 (.01 or 11 %)
(.80 - .70) 0.01 .10 (.01 or 10 %)
= 0.9 1%
ii. D= (2.04 1 0.005) + (0.9 t 1%)(-0.16 + (.01 or 6%))




(160+ (5% or 8)) - (1.90 0.015)
= (2.20 + 0.03)
- (1.90 0.015)
= 0.30 t 0.05
iv. H = 2.00
+ 0.24
v. l/H = 0.50 +0.05
J
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5. Calculated precision values taken from a sampling of
the experimental results confirmed that the following precision
values, based on the assumptions, are accurate and can be used
for a statistical evaluation of the data if required:
i. precision for log H values is 0.05;
ii. precision for H values is t 10 %;




Using a value of 1700 lux at the
sensitometer'
s standard
film plane, the illuminance at position 4 was expected to be
9.0 lux. To facilitate the use of the illuminance meter, the
current was adjusted to 0.759 amps to give an even 10.0 0.05 lux.
Since all the samples were exposed at this setting, the effects
of a slight increase in colour temperature were the same for
all the strips.
Table 7 Sensitometer illuminance as a function of film








filtration 0.80 ND 2.10 ND
(mm)
1 640 120 6.6 325
2 170 27 1.6 652
3 41 6.9 0.4 1304
4 10 1.6 0.1 2608
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APPENDIX J
RECIPROCITY SENSITOMETER EXPOSURE DETERMINATION
Expected exposure values for the increased exposure
times were mathematically estimated to provide a guide and
prevent wastage of the experimental emulsion coating. These
exposure values were confirmed using strips from the two
initial emulsion batches used for determination of the
sulfur sensitization time. The desired result was to have the
speed point density toward the center of the sensi-strip,
and if possible, to have exposures with and without the RLF
made at the same time .
i. From data obtained in the sulfur sensitization series,
the film, when exposed at 1700 lux and 0.2 sec, showed
an approximate speed of: l/H = 4.
Therefore; H = 0.25
log H = -0.6l
= log (1700 x 0.2)
- (Total Neutral
Density)
and; Total Neutral Density
= log 340 + 0.6l
= 3-14
Since the total neutral density was the addition of
the step wedge density and the source ND filtration,
a source ND filtration of 0.8 was used to provide an
exposure capable of placing the speed point beneath
a step density near the centre of the wedge.
(ie. 2.34 ND step density in this case)
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ii. A probable speed reduction of lOx (ie. l/H = 0.4)
was estimated for film samples exposed in the
reciprocity sensitometer at 10 lux and 100 sec.
Therefore; H = 2.5
log H = 0.40
=
log (10 x 100)
- (Total Neutral
Density)
and; Total Neutral Density = log 1000 - 0.40
= 2.60
Use of 0.80 ND source filtration placed the speed
point density of the film beneath a step density
of 1.80. This is located near the centre of the step
wedge as was desired.
iii. Allowing for a speed reduction of lOOx because of
reciprocity law failure, the speed point would still
have been within the latitude of the step wedge
-
ie. a D , of 0.8. If the RLF had been completely
eliminated, and the speed remained at 4, a D of 2.80
S~0S_P
would have been within the latitude of the step wedge.
iv. These exposure arrangements were for only the initial
exposures
- from which modifications were made to
maintain the speed point near the centre of the
step wedge
6o
v. Indications of approximate speeds were taken from the
sulfur sensitization series for no sensitization and
sulfur sensitization exposure values, and from the H2
baking time-temperature series for the tetraazaindene -
sulfur treatment exposure values. The speed of the
tetraazaindene only sample was assumed to be the
same as that of no sensitisation samples. Test runs
for confirmation of estimated exposure parameters




1 . Procedure for evacuation and H2 entry prior to
sensitization :
i. under a #1 safelight, place film in holder, and then
place holder in baking tank, sealing the tank with
the wing nuts; The baking tank should be at water
bath temperature;
ii. close all valves;
iii. start both pumps, and open valves 1,3 & 4;
iv. after one minute, close valve 1 and open valve 2;
v. wait for the rough pump to sound regular and then
maintain pumping for one minute longer;
vi . close all valves and turn off rough pump ;
vii. open the H3 valve, and the reducing valve to 10 psi;
viii. slowly open valve 4 to allow gas into tank - open
for partial flow initially, and then fully before
closing when the flow has stopped;
ix. wait 30 sec with the oil pump running and then open
valve 3 an(i then valve 1;
x. close valves 1 & 3 anc~ then turn pump off;
- continued on next page -
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xi. repeat viii. to allow the H3 gas to enter the tank;
xii. open valves 3 & 1, and check for equalization of
pressure with the pump air intake valve. Close
valves 1 & 3> and begin the alio ted sensitization time.
2. Procedure for film removal:
i. evacuate gas using oil pump;
ii. slowly vent in atmospheric air at the oil pump
control needle valve;
iii. under a #1 safelight, unseal the tank and remove
the film holer and film.
3. Baking Tank: A 2.4 litre, cylindrical, brass baking tank
was designed by the author and built in the RIT
Photoscience workshop. Silver soldering was used for
all joints. A neoprene O-ring was used to ensure a
good seal for the lid. Two valves were built into the
lid: one in the centre, connected to a brass tube to
direct entering gas to the bottom of the tank, and the
other offset from the centre for removal of gas from
the tank. Figure 7- illustrates. The tank was designed
to accept spiral developing reels with open centres,
or a specially designed brass film holder for treatment
of
5"
long film strips. A Magni Whirl Utility Bath
was used to control the baking temperature. (Figure 9-)
4. Film Holder: The film holder designed for this research
consisted of a brass frame which allowed the positioning
of eight film strips inside the tank. Each film
strip was secured for Hg treatment by the use of two

























Figure 7- Hydrogen Baking Tank
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Figure 8. Film Holder for use in Hydrogen
Baking Tank
66
Figure 9. Baking Tank in Water Bath
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APPENDIX L
SELECTION OF H2 BAKING TIME AND TEMPERATURE
The emulsion with both sulfur sensitization and
tetraazaindene stabilizer treatment was tested for optimum
baking time and temperature by use of a two factor
factorial experiment with two times replication. Four
4"x5"
sheets of emulsion were used. The experiment began with
O Q / C
20 minutes sensitization in H2 gas at each of 50 ,65 ,
and 80 to decide on the time range to be used in the
next step. (ie. 0, 10, 20, 30, 40 min or 0, 10, 15, 20, 25 min)
The results indicated that the series of 0 , 10 , 15 , 20 , 25 min .
was most benificial to continue with. An exposure of
100 seconds was selected to allow LIRF to take place in the
unbaked emulsions. The response variable for this test was








Figure 10. Speed as a function of baking time in H2 gas
2.0
1.0







H4 Bakina Time (min.)
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Results of the H baking time and temperature series
suggested the use of a 65 /20 min. combination:
65 because the fog level was not significantly
0 c
greater than than the level with the 50 samples.
/ c
For all times the speed at 65 was greater
than at 50 . Samples treated at 80 had
a mottled appearance, possibly due heat effects.
20 min was selected for the remainder of the tests
because it was not too long in terms of time




DATA REDUCTION AND SUMMARY
1. Values of - log exposure before step wedge
- interpolated step wedge density for D, +p+qoq
-
log exposure at film for D,
++no0
- speed (l/H for \+f+(xj0)
for: a. Unbaked Samples with neither Tetraazaindene
Treatment nor Sulfur Sensitization
b. H3 Baked Samples with neither Tetraazaindene
Treatment nor Sulfur Sensitization
c . Unbaked Samples with only Sulfur
Sensitization
d. H2 Baked Samples with only Sulfur
Sensitization
e . Unbaked Samples with only Tetraazaindene
Treatment
f . H2 Baked Samples with only Tetraazaindene
Treatment
g. Unbaked Samples with Both Sulfur
Sensitization and Tetraazaindene Treatment
h. H Baked Samples with Both Sulfur
Sensitization and Tetraazaindene Treatment
2. Mean Speed Data (A Summary)
3. Log Exposure Differences for Paired Samples
(Unbaked - H2 Baked)
4. Collation of Paired Comparison Mean Log Exposure Differences
(Unbaked - H2 Baked)
5. Speed Increase with H2 Baking (data from paired samples)
6. Reciprocity Data
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STATISTICAL ANALYSIS USING PAIRED COMPARISON DATA
1. Questions answered with statistical confidence:
a. Has Hg sensitization reduced speed losses which can
be attributed to LIRF for the emulsions of
"No Additives", "Sulfur Only", "Tetraazaindene Only",
and "Both Sulfur and Tetraazaindene"?
b. Has there been any significant effect by the
sulfur sensitization on the amount of H sensitization?
c. Has there been any significant effect by the
tetraazaindene on the H sensitization?
d. What effect has H sensitization had on HIRF?
2. Statistical tests run:
Using ALU
=
log H (with no H2 sensitization)
- log H (with H2 sensitization)
for a particular paired comparison , and A LH as
the mean of a set of A LH values , the following
tests were run:
a. i. a test to disprove A LH 0, for each of the
emulsions over the range of exposure times made;
ii . a test to show flLH > ALH > aLH > ALH , for
looo ioo vo |
each of the emulsions;
m
b. a test to compare the ALH values, and thus
speed increase, of "No
Additives"
with
"Sulfur Only" at each of the exposure times;
c . a test to compare the ALH values , and thus
speed increase, of "No
Additives"
with
"Tetraazaindene Only" at each of the exposure
times ;
d. a test to show that RLF increased for the high
intensity exposures.
3. A statistical analysis of the paired comparison data
indicated that:
a. i. the paired comparison mean speed increases were all
significantly greater than zero (90 % Confidence);
ii. with the exception of the "Sulfur
Only"
emulsion,
hydrogen sensitization of each of the emulsions
gave speed increases which became significantly
greater with increases in exposure time (90 % Confidence).
With H2 sensitization of the "Sulfur
Only"
emulsion,
the longer exposures gave only slight increases in
speed as exposure time increased. No significant
difference was found in the speed increase between
the one and ten second exposure means;
b. with the exception of the one second exposure mean,
the speed increases with H2 sensitization for a
given exposure time of the "No
Additives"
emulsion
were significantly greater than those of the
"Sulfur
Only"
emulsion (99 % Confidence);
85
c . the speed increases with Hg sensitization for
a
given exposure time of the "Tetraazaindene
Only"
emulsion were significantly greater than those of
the "No
Additives"
emulsion (97 % Confidence);
d.i. the mean speed decreased for both the 10 and
10
3
second exposures (90 % Confidence) ;
ii. the speed decrease for the 10
3
second exposure
was greater than the speed decrease for the
10
~2
exposure (85 % Confidence).
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APPENDIX 0
PAIRED COMPARISON TEST FOR HEAT EFFECTS ALONE
A test was run with each of the emulsion types
("No Additives", "Sulfur Only", "Tetraazaindene Only", and
"Both Sulfur and Tetraazaindene") to confirm that the speed
increase observed with H2 baking was the result of the
H2 environment, and not the result of either the baking alone
or the evacuation procedure.
One inch wide sensistrips were taken from each of the
emulsion types. Each was cut into two strips for a paired
comparison test: One was exposed after following the evac
uation and baking procedure with baking taking place in
air at 65 for 60 minutes; the other was exposed with
no special preexposure treatment. Sensistrip pairs
were exposed together for 1000 seconds, and then processed
in DK-50 for four minutes.
Analysis of the results indicated that there was
no increase in speed for the samples baked in air compared
to the samples without special preexposure treatment. If
anything, the baked samples tended to exhibit a reduced
speed.
